Introduction
It has long been recognized that some populations suffer a greater burden from cancer than other populations. 1, 2 The National Cancer Institute defines cancer health disparities as "differences in the incidence, prevalence, mortality, and burden of cancer and related adverse health conditions that exist among specific population groups in the United States."
3 Several influential reports have highlighted the problem of cancer health disparities. [4] [5] [6] As a result, eliminating cancer health disparities is an increasingly important focus of research and government action. Also, eliminating health disparities is now a core public health goal for Healthy People 2010. 7 Underserved populations are composed of people who receive less than their fair share of services in society. Research has shown that underserved populations are more likely to be diagnosed with preventable cancers, to be diagnosed at later stages for cancers that are amenable to early detection with screening, to receive no treatment for cancer or treatment that does not meet current standards of care, and to die of cancers that are potentially curable. 4, 8 Populations that are at greatest risk include racial and ethnic minorities, the uninsured, and persons of lower socioeconomic status.
Breast Cancer
Breast cancer is the most common cancer among women and is the second-leading cause of cancer death in the United States. 9 In 2007, an estimated 180,000 new cases will be diagnosed, with almost 41,000 deaths due to this disease. 9 Breast cancer death rates have been falling steadily since 1989, 10 a trend that has been attributed to earlier detection with screening mammography. Breast cancer incidence rates peaked in 1998 and have been declining since. A more recent pronounced drop in breast cancer incidence has been attributed to declining use of postmenopausal hormone replacement. 11 Significant racial and ethnic disparities in breast cancer incidence, mortality rates, and survival rates exist in the United States. The highest incidence rate is found among white women (141.1 cases per 100,000 women), whereas African American,Alaskan Native, Hispanic, Indian/Pakistani, Native American, Native Hawaiian, and Vietnamese women are more likely to be diagnosed at a later stage. 8, 12, 13 Breast cancer survival rates are also shorter in Hawaiians, Mexicans, Native Americans, Puerto Ricans, and South and Central Americans. 8, 13, 14 The reasons behind these disparities in cancer outcomes are complex and interact. Some research points to differences in biological factors, socioeconomic status, access to care, lifestyle factors, and behavioral characteristics of certain cultures. 12, 14, 15 
Breast Cancer Screening
Three methods of breast cancer screening have been widely advocated: patient self breast examination, breast examination by a trained health professional, and screening mammography. Screening mammography has been the most widely studied, with at least nine major randomized controlled trials completed. 16 In pooled analyses, screening mammography has been associated with a reduction in breast cancer mortality of approximately 25%. 17 The Preventive Services Task Force recommends screening mammography, with or without clinical breast examination, every 1 to 2 years for women aged 40 years and older. 18 The American Cancer Society recommends yearly mammography and clinical breast examination beginning at the age of 40, along with the option of breast self-examination. 19 A large body of research indicates that racial and ethnic minority women are less likely to receive breast cancer screening. The purpose of this paper is to critically review recent literature evaluating disparities in breast cancer screening related to Hispanic ethnicity. The critical review was designed to answer the following research questions: (1) Are Latinas less likely to receive screening mammography than women of other races and ethnicities? (2) Do disparities in adherence to screening mammography related to Hispanic ethnicity persist when controlling for socioeconomic, demographic, health system, and psychosocial variables? (3) What variables are associated with higher odds of screening mammography when included in multiple logistic regression analyses?
Methods

Study Identification
We searched the National Library of Medicine using the PubMed database to identify articles published from 1997 to 2007 in English that included human participants. The inclusion criteria included (1) published original research articles, (2) population-based sample of participants from the United States, and (3) multiple logistic regression analysis that addressed the association between Hispanic ethnicity and receipt of screening mammography after adjusting for other variables. We limited the review to articles published in the past 10 years because cancer screening practices are constantly evolving, and it is important to evaluate current evidence of disparities. The research was limited to population-based samples to reduce selection bias in studies that used convenience samples. Research articles that did not report adjusted odds ratios (ORs) were excluded because adjusted ORs were required to answer the research questions. Research articles that compared Hispanic subgroups were also eliminated because they did not address whether Hispanic ethnicity was related to screening mammography when compared to other ethnic and racial groups.
A search of the PubMed database was conducted by combining the terms "Latina" and "Hispanic" with "mammogram" and "mammography." This search produced 180 citations, and the abstracts or articles of these citations were reviewed. Thirteen articles met the inclusion criteria. Twelve additional citations were identified by searching the references cited in the 13 qualifying articles as studies that might qualify for inclusion. The abstracts or articles of these 12 citations were reviewed, and two met the inclusion criteria. In total, 192 articles or abstracts were reviewed, and 15 articles met the inclusion criteria. Table 1 reviews the reasons that articles were excluded from the study. The majority of articles (87%) were excluded because they did not report the ORs of the association between mammography and Hispanic ethnicity with other variables as predictors.
One author reviewed five articles, and the other author reviewed 10 articles. The following information was abstracted from each article: (1) the sample and population, (2) the outcome measure, (3) the predictors used in logistic regression analysis, (4) the rate of mammography or unadjusted OR by race and ethnicity, (5) the adjusted OR for Hispanic ethnicity, and (6) predictors of mammography that were significant in multiple logistic regression analysis. The data were recorded in an electronic Microsoft Word table designed for the study. Unadjusted ORs were calculated for studies that did not report them when the rates of mammography screening were provided for Hispanic participants and the reference group used in logistic regression analysis. One author reviewed all of the data abstracted for accuracy. Both authors critically reviewed and summarized the information abstracted from the articles.
Results
Description of Research Studies
The 15 articles that met inclusion criteria for the review had significant variation in terms of data source, population sampled, timing of the outcome measure, and other predictor variables (Table 2) . [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] Of these 15 articles, seven (40%) analyzed data from national surveys, including the Behavioral Risk Factor Surveillance System, the Medical Expenditure Panel Survey, and the National Health Interview Survey. There was no overlap in the data collected using the National Health Interview Survey as each study used data from a different year. 20, 24, 30 Two studies that used the 1996 Medical Expenditure Panel Survey data differed in the study sample, outcome, and the predictors used. 27, 34 The remaining eight articles presented data from populations in California, 21, 23, 25, 26, 33 Colorado, 29 Florida, 31 and Massachusetts 22 and from a sample of Medicare patients. 28 The majority of studies (67%) assessed screening mammography use over the previous 2 years. One study (7%) evaluated screening mammography over the past 12 months, one study (7%) evaluated receipt of screening mammography during the lifetime, and three studies (20%) evaluated screening mammography in multiple time periods. As shown in Table 1 , logistic regression predictors included several demographic, socioeconomic, healthcare, and psychosocial variables.
The studies reviewed were similar in terms of the reference group used and the source of mammography data. Thirteen studies (87%) compared Hispanic participants to non-Hispanic white participants. Fourteen studies (93%) used self report, and one study used Medicare claims as the outcome measure of mammography screening.
Unadjusted Odds Ratios
Thirteen studies (87%) reported unadjusted ORs or the information needed to calculate ORs (Table 3) . For studies evaluating mammography in the past 2 years, the unadjusted ORs for Hispanic women ranged from 0.40 to 0.93, indicating that in general Hispanic ethnicity is a barrier to mammography. The three studies that reported the lowest ORs (0.40 to 0.42) had smaller sample sizes, ranging from 326 to 1,255, and were surveys conducted with women of particular communities, such as residents of Colorado, inner-city residents in eastern Massachusetts, and residents of Orange County, California, rather than national samples. 22, 26, 29 Of the three studies that reported the highest ORs (0.82 to 0.93), two used data from the 1996 Medical Expenditure Panel Survey. 27, 34 The other study reported data from the California Women's Health Survey. 33 Of the five studies that reported confidence intervals, three indicated that women of Hispanic ethnicity were significantly less likely to receive a mammogram 20, 28 and during the woman's lifetime. 30 However, these studies had characteristics that might be related to these findings. Two of the three studies focused on an older population, 28, 30 and the third study was conducted using 1991 National Health Interview Survey data, 20 which would have measured mammography prior to many health initiatives designed to reduce disparities in mammography. Table 3 presents the adjusted ORs reported by the studies that met inclusion criteria. The adjusted ORs for the association between Hispanic ethnicity and screening mammography ranged from 0.3 to 1.67. In all but one study, 22 controlling for additional demographic, socioeconomic status, health system, or psychosocial predictors in logistic regression analyses increased the ORs for Hispanic ethnicity as a predictor of adherence to mammography screening. The study conducted by David et al 22 reported a decrease in the OR for Hispanic ethnicity when it was adjusted for other predictor variables in a multiple logistic regression analysis, but neither the adjusted nor unadjusted OR for Hispanic ethnicity was a significant predictor of mammography screening. 22 After adjusting for other predictor variables, Hispanic ethnicity was still a significant risk factor for lack of mammography in the past 2 years in two studies. 26, 28 A third study found that Hispanic ethnicity was a significant predictor of having a mammogram in the more distant past. 31 Two of the studies that found a significant association were based on smaller community samples in Dade County, Florida, 31 and Orange County, California. 26 The other study sampled Medicare beneficiaries, limiting the sample to women 65 years of age or older. 28 Hispanic ethnicity was not a significant predictor of adherence to mammography screening in any of the studies that analyzed national survey data.
Adjusted Odds Ratios
The remaining studies did not find that Hispanic ethnicity was a risk factor for lack of recent or lifetime mammography. Rodriguez et al 33 calculated separate adjusted ORs for Hispanics born in the United States and Hispanics born outside the United States and found that when controlling for other variables, foreign-born Hispanic women were more likely to receive a mammogram in the past 2 years when compared to non-Hispanic white women. In multiple logistic regression analysis, Hispanic women born in the United States were equally as likely to receive a mammogram as nonHispanic white women. 33 
Significant Predictor Variables in Multiple Logistic Regression Analysis
Several demographic, socioeconomic, health system, and psychosocial variables were associated with adherence to mammography screening in logistic regression analyses. Inclusion of these variables increased the ORs for Hispanic ethnicity in most studies. 
Demographic Variables
Age: Eight of 14 studies reported that age was a significant predictor of mammography screening in multiple logistic regression analysis. 23, 25, [27] [28] [29] 31, 33, 34 Interpreting the results of these studies is difficult because the studies used different age ranges in the logistic regression analyses. In general, women between the ages of 50 and 64 years were more likely to receive mammography screening than women age 40 to 49 years (adjusted OR range: 1.37 to 2.09). 23, 25, 27, 29, 31 In a study comparing women within the 50-to-64 age group, women age 55 to 59 years were more likely to be screened and women age 60 to 64 years were as likely to be screened as women age 50 to 54 years. 34 Some studies reported that women over the age of 64 were as likely to be screened as women age 40 to 49 (adjusted OR range: 0.9 to 1.09). 25, 27, 29 However, another study of Medicare beneficiaries found that the ORs of mammography screening decreased with age. 28 Six studies did not find an association between age and receipt of screening mammography in multiple logistic regression analysis. [20] [21] [22] 24, 26, 30 Marital Status: Another demographic variable, marital status, was not consistently related to mammography screening in multiple logistic regression analysis. While two studies reported a relationship between being widowed (adjusted OR: 0.66) 27 or unmarried (adjusted OR: 0.74) 33 and lack of recent Immigration Status: The relationship between immigration status and adherence to mammography screening is unclear and appears to be associated with the population sampled. Five studies evaluated the association between nativity or citizenship and mammography screening. 22, 23, 25, 26, 33 One study found that among immigrant women, naturalized citizens were more likely to be screened than noncitizens (adjusted OR: 1.67). 23 Another study found that foreign-born Hispanics were more likely to obtain mammography than non-Hispanic white women (adjusted OR: 2.15). 33 Native-born Hispanic women were as likely to receive mammography when compared to non-Hispanic white women. 33 The other two studies that reported ORs did not find an association between foreign birth and mammography. 25, 26 All five studies sampled state or community populations.
Socioeconomic Status Variables
Education: For the most part, the studies reviewed reported that women with at least some college education were more likely to receive a screening mammogram (adjusted OR range: 1.36 to 3.69). 27, 29, 32, 34 The evidence for the relationship between high school education and mammography is equivocal. Two studies found that a high school education was associated with higher odds of mammography compared to less than a high school education, 22, 27 but two other studies did not find that relationship. 32, 34 In the studies that reported an association between education and mammography screening, education was entered into the multiple logistic regression as a continuous variable or categorized using several categories. Of the eight studies that did not find an association between education and mammography in logistic regression analysis, four did not report the adjusted ORs. 21, 24, 30, 31 Three of the studies that did not find an association between education and mammography screening dichotomized education near or at the completion of high school. 25, 26, 33 The remaining study that did not find an association between education and mammography screening in logistic regression analysis sampled an immigrant population.
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Income: Four studies reported that income was a significant predictor of mammography screening in multiple logistic regression analysis (adjusted OR range: 1.02 to 1.69). 20, 27, 28, 33 Two of these articles found that women in the highest income category were more likely to get mammography than women in the lowest income category. 27, 33 Other studies did not find this association. 23, 25, 26, 34 Employment: Five studies evaluated the association between employment and receipt of mammography using multiple logistic regression analysis, 22, [25] [26] [27] 33 but only three studies reported the adjusted ORs. 25, 26, 33 All three studies sampled populations in California. One study found that full-time employment was associated with higher odds of mammography (adjusted OR: 1.27). 33 The other two studies that reported adjusted ORs did not find that employment was related to mammography screening. 25, 26 However, these studies dichotomized employment as "employed" and "unemployed."
Health System Variables
Health Insurance: All 11 studies that reported ORs using health insurance as a predictor of mammography screening in multiple logistic regression analysis found an association between health insurance and adherence to mammography screening (adjusted OR range: 1.7 to 8.5). [20] [21] [22] [23] [25] [26] [27] 29, [32] [33] [34] In evaluating the relationship between mammography screening with type of insurance (public vs private), both David et al 22 and Hiatt et al 25 found that private insurance was associated with higher odds of mammography screening than public insurance. Fee-for-service and health maintenance organization insurance were both associated with higher odds of screening mammography compared to having no insurance.
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Usual Source of Care: Having a usual source of health care was strongly associated with receipt of screening mammography. All of the studies that investigated having a usual source of care as a predictor of screening mammography and reported adjusted ORs found that having a usual source of care was significantly associated with screening mammography (adjusted OR range: 1.24 to 3.4). 20, 22, 23, 25, 27, 29, 34 One study found that several types of usual care providers (primary care physicians, other physicians, and other facilities and non-physician providers) were all associated with receipt of screening mammography.
Physician Visits/Health Maintenance Visits: Most studies reported that recently receiving health care from a physician was associated with higher adjusted OR of receiving mammography (adjusted OR range: 1.15 to 4.17). 20, 25, 27, 28, 31 Two studies evaluated the type of physician visit and found that outpatient, office, or primary care visits were associated with higher odds of receiving screening mammography, whereas visits to the emergency room were associated with lower odds or the same odds of receiving a mammogram as not being seen in the emergency room. 27, 28 Being hospitalized was also associated with lower odds of receiving screening mammography. 28 
Psychosocial Variables
Four studies that met study inclusion criteria evaluated psychosocial predictors of mammography screening. Two evaluated knowledge of breast cancer and attitudes towards breast cancer and breast cancer screening. 22, 26 One study found that knowledge about breast cancer was related to higher odds of ever having a mammogram (adjusted OR: 2.8), 22 but another study found that knowledge about risk factors for breast cancer and symptoms of breast cancer were not related to mammography screening. 26 Various measures of attitudes towards breast cancer prevention, screening, and treatment were not associated with mammography screening in multiple logistic regression analyses. 22, 26 Two studies also examined the relationship between other health behaviors and mammography, 24, 32 but only one study reported the ORs. 32 Significant associations were found between mammography screening and having received a Pap smear within the past 3 years (adjusted OR: 8.99), having ever received cholesterol screening (adjusted OR: 2.64), always or almost always using a seatbelt (adjusted OR: 1.47), and not being a current smoker (adjusted OR: 0.71). 32 The use of alcohol was not related to mammography screening in logistic regression analysis.
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Discussion
A review of the unadjusted ORs for the study found that Hispanic ethnicity appears to be a barrier to mammography. The studies with the lowest ORs for Hispanic ethnicity as a predictor of screening mammography had smaller sample sizes and were conducted in community-based samples. Three of the five studies that reported confidence intervals found that women of Hispanic ethnicity were significantly less likely to receive a mammogram. A review of these three specific studies provides information regarding the disparity for mammography screening due to Hispanic ethnicity and points to differences from the national studies in time of data collection, sampling methods, and number of Latinas included in the study. One study sampled women in Orange County, California, a state with a large number of undocumented immigrants who may not qualify for government screening programs provided to US citizens. 26 Also, the participants in this study were interviewed in 1992 and 1993, a time before many interventions to reduce health disparities were implemented. In this study, having health insurance was the strongest predictor of mammography screening in multiple logistic regression analysis (adjusted OR: 8.5; confidence interval: 3.5 to 18.6), indicating that women who lacked health insurance might have had few resources to obtain mammography. 26 In the sample of inner-city women from Massachusetts, the number of Latinas sampled was small (n = 22), although the reference group of non-Hispanic white participants was much larger (n = 80). 22 Therefore, the OR was sensitive to the small number of Latina women (n = 3) who did not obtain screening mammography, which is reflected in the nonsignificant OR. The study conducted in Colorado used two different sampling sources, the 1993 Colorado Behavioral Risk Factor Surveillance System (CBRFSS) and the 1993-1997 Colorado Farm Family Health and Hazard Survey (CFFHHS). 29 The CBRFSS was conducted in all counties of Colorado, while the CFFHHS was conducted in only eight counties in northeastern Colorado. Therefore, the study had a higher than average proportion of farmers, few of whom were Hispanic and most of whom had health insurance. While the study was based on population-based sampling, it actually sampled two populations -the residents of the state of Colorado and residents of eight counties in northeastern Colorado. It also sampled the eight northeastern Colorado counties twice. Thus, while it appears that the OR for one study may represent an actual difference in screening in the community sampled, 26 the other two studies are limited by a small sample of Latinas 22 and combining the samples of two populations. 29 When the ORs for Hispanic ethnicity were adjusted by controlling for other predictors in multiple logistic regression analysis, the ORs for Hispanic ethnicity were increased, indicating that other factors accounted for some of the disparity in mammography screening related to Hispanic ethnicity. Similar to the results found in the review of the unadjusted ORs, two of the studies that found that Hispanic ethnicity was a significant predictor of adherence to mammography screening in logistic regression analysis were based on community samples, and the third study was limited to women 65 years of age or older. Both community studies were conducted in states with a high number of immigrants who may have lacked access to health care and other services because they are not citizens.
The results of the review of both adjusted and unadjusted ORs indicate that while Hispanic ethnicity might be a barrier to adherence to mammography screening, it is a stronger barrier in elderly women and in certain communities. Studies based on community samples found that Hispanic ethnicity is a stronger barrier to mammography screening than those studies based on national surveys, which represent a more diverse population of Hispanics and also a more diverse population of other racial and ethnic groups.
Only one demographic variable, age, was reported as a significant predictor of adherence to mammography screening in several studies with high adjusted ORs (range: 1.37 to 2.09). Women between the ages of 50 and 64 years were more likely to receive screening mammography compared to younger women. Among the 50-to-64 age group, women between the ages of 55 and 59 years were most likely to be screened, 34 a finding that is similar to the results of another recent study. 35 Among elderly women, screening mammography appears to decrease with age, 28 which is similar to the results of other recent research. 36 Two socioeconomic status variables, income and education, were related to adherence to screening mammography in half of the studies reviewed. In studies that used a range of educational categories, a college education was associated with a higher adjusted OR for adherence to screening mammography (range: 1.36 to 3.69). The relationship between having a high school education and adherence to screening mammography was less clear. Several other recent studies have found that higher education is associated with adherence to mammography screening in a range of populations. [37] [38] [39] [40] [41] [42] [43] Four out of eight studies reviewed found an association between income and adherence to screening mammography, which is similar to the findings of several other recent studies in various populations. [37] [38] [39] [41] [42] [43] [44] The adjusted ORs for income as a predictor of screening mammography were lower than for college education (range: 1.02 to 1.69).
The most consistent predictors of adherence to screening mammography were health system variables. Having health insurance was associated with higher odds of adherence to screening mammography in all studies that reported adjusted ORs for health insurance, which corresponds to the findings of other research studies. 37, 39, 40, 43, 45, [46] [47] [48] [49] Private insurance was associated with higher odds of screening mammography than public insurance. Similar to the results of a number of other studies, 37, 41, 43, [46] [47] [48] 50 having a usual source of care was also associated with higher odds of screening mammography in all studies that reported using that variable in logistic regression analysis. Having recently received health care from a physician was also associated with higher odds of receiving mammography, although having emergency room care was not associated with receipt of screening mammography. The magnitudes of these associations were also strong as reflected in adjusted ORs for each variable (health insurance:1.7 to 8.5;usual source of care: 1.24 to 3.4; physician's visits: 1.15 to 4.17).
Few studies included psychosocial variables as predictors in multiple logistic regression analysis, so the review of these variables is based on a limited number of studies. In the articles reviewed, other health behaviors were reported as significant predictors of mammography adherence. Attitudes toward breast cancer prevention, screening, and treatment were not significantly associated with mammography adherence. Knowledge about breast cancer was related to mammography screening, but knowledge about breast cancer risk factors and symptoms was not related to mammography. Previous research has found that many women, particularly Hispanic women, report that screening mammography is not necessary in the absence of symptoms of breast cancer, indicating a lack of knowledge. 51 None of the studies reviewed included measures of acculturation, health literacy, mood, self-efficacy, social support, or perceived risk of breast cancer, all of which may be important predictors of adherence to screening mammography. 36, [52] [53] [54] [55] Other variables included in logistic regression analyses had limited support. These variables included immigration, employment, and marital status. The support for immigration status as a predictor of mammography was limited to two out of five studies, 23, 33 and each evaluated different aspects of immigration (nativity and citizenship). The research evaluating immigration as a predictor was limited to studies that sampled state or community populations. The support for employment as a predictor of mammography was also limited to one study that reported full-time employment was related to mammography. Marital status was found to be associated with screening mammography in two out of six studies, indicating less support for this demographic variable.
Taken together, the results of this critical review indicate that Hispanic ethnicity alone may be a significant predictor of adherence to mammography in some communities, but in general, the disparity in adherence to mammography screening due to Hispanic ethnicity is a result of lack of access to health care and lower socioeconomic status. Other research supports these findings. Racial and ethnic differences are found in education and poverty status, with minority women having lower education 56,57 and Hispanics and African Americans being more likely to live in poverty than whites. 43, 57, 58 The cost of health care is a barrier that many women with low incomes have difficulty overcoming. The rate of noninsurance for Hispanics in the United States is almost three times higher than that for non-Hispanic whites, 58 which limits the health care that Hispanics receive. Women who lack health insurance may be less likely to have a usual source of care, which was a consistent predictor of adherence to mammography screening.
Our study has a number of limitations that affect its generalizability. The study is based on a critical review of 15 articles published in the past 10 years that included ORs from multiple logistic regressions. The results may be limited because unpublished articles, book chapters, and dissertations might present additional data that were not considered in this critical review. Future studies should expand the selection of research to these sources. In addition, because our critical review evaluated articles published within the last 10 years, we were unable to evaluate changes in mammography screening adherence over time. Most of the studies used selfreports of mammography screening. Also, the study did not include a meta-analysis of data presented in the study, which would have allowed for the analysis of pooled data from several populations. Although our study did not measure the quality of each article included in the study, we reviewed only population-based studies to eliminate studies based on more limited samples.
The critical review of research evaluating Hispanic ethnicity as a predictor of adherence to mammography identified a number of gaps in the literature. Further research using national survey data should be conducted to evaluate the role of nativity, employment, and psychosocial variables in predicting mammography with Hispanic ethnicity as a predictor. In the future, a metaanalysis should be conducted using the data presented in each study.
Conclusions
This critical review of the literature found that women of Hispanic ethnicity were less likely to receive mammography screening compared with non-Hispanic white women. This disparity is more pronounced in community samples and in elderly women. A review of the literature also indicated that the disparity in mammography due to Hispanic ethnicity was attenuated when controlling for health system and socioeconomic variables. Interventions designed to reduce disparities in screening mammography related to Hispanic ethnicity should focus on increasing access to health care, such as providing affordable health insurance and increasing access to heath care providers. Future research in population-based studies should evaluate employment, nativity, and a range of psychosocial variables as predictors of mammography screening.
